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 
       MASHS          . 

               )XRD(   
)SEM (   )Zetasizer (    .            

        .        SEM   
  .     70          701    

°C 500  1               
         nm35  002/0   .

   :   MASHS ABO3.

1- 

 )CaTiO3: CTO(
        

ABO3       A

 2 B     .
        
  Pm3m    
     Pnma 
]1.[          

  :   Pnma   
14/mcm   1373 K1423   

 14/mcm  Pm3m   
K10 ±1523   ]2.[1 

         
         ]3.[

      
       

          
       
         
  ]6-4.[    

        
  .       
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41    9 1391  

  )   ( .
          

       CaTiO3 
      

)  (   ]9-7.[
          

PbTiO3BaTiO3     
        

]10.[

1:     .

        
         

       ]11.[
       

          
        

 .       
       

 ]12.[     
          

  .       
        

       . 
       

       ]11[. 
          

    .     
        

)      (  
)     (   

   ]12[.      
           

           
   ]13[.     

  .     
         

    .  3   :
1(-2(- 3(-   ]14[.

   -   .  
-          

          
          . 

    -     
          

         
  .       

  )Ball- to- Powder Ratio: BPR( 
          

     ]17-15[.
         

           
         
  ]18[.     ) (

      )   (  .
         

      .     
          

 .         
        

          
 .         

  )     ( 
          
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          
]22-19[.      

     :
-        

        .
-         

       .  
        

 .          
            

          
  .      SHS  

)Self Propagating High Temperature Synthesis ( 
      MSR 

)Mechanically Induced Self Sustaining Reaction(
   .      

         
)MSR (   )SHS(  
]26-23[.       

SHS   MSR  .  
      SHS 

         
 .         

  .    
  BPR    .   

        
          

     ]29-27[.   
          

     )Tad (  
  .       1

  ]20[:

)1(   ++= )mTadT(l
pCm)iTmT(s

pCr

   r     s
pC

       
Tm  m   

  l
pC    

  .  1     
          

 .        
       

     .    
       

 K1800  ]29[.
         

         
       . 

  
p

298f
C

o
  K2000 .

         
    .     

          
          

       .
         

         . 
         

     ]31-30[.  
    )CaO (  

   )TiO2(  K1650 
          
          

           
        

        
        

 ]15-10[.
         

         
)       (   .

           
           
 MASHS      

          .
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43    9 1391  

          
          
          

          
        

  .

2-    

    CTO   
)CaCO3(   )Anatase(  98

       .   
   1:1       

       2
  12       

 mm 75/15  rpm 290   70
   .      

          
           

         . 
      20:1 30:1 50:1 70:1 

   .      
        

400 500    1  
     .   

    1    30
         

 )CO2(      
           

        
        

   .     
          

          
           

         
          

            
 .         

 -)Williamson-Hall ( 
 ]20[.
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  D     
    Å54056/1B    

        
       .

   2sin  XRD 
 cosB      

          D/9.0 

.      
        

)SEM(    .

3-   
3-1-   

        
            

 )4(    .
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1         
  .
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 1:         .

)mol/kJ(H)molK/J(S 

944 6/50TiO2

9/634 1/38CaO 

6/1660 7/93CaTiO3

3-2-    
2       
        . 

         
           

       .   
   201   

    25   
        

           
         

 .   BPR 301 
.        

 301       
         

         
       .BPR 

501701  . 
         

           
   40      
         

       .
            
         

      .   
         

 70       
          

   .     
     :   

     .     
          

          
          

          
         

    .   
           
          
         

        
        

      2°55 °42 
         
         
   .   

)Crystal Lattice(     
    .    

       
          

         
         
 .     

)Crystallinity(      
       400 

500    1   
    3  .  

        
           

     .
          

      )Dislocation( 
 .       

-)Williamson-Hall( 
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2:                   .

 )Heat Treatment (   
500   x)x=2sin(y

)y=Bcos( 4    
 .  2  .
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3:        
  400 500  .

 2:xy   .

y=Bcosx=2sin

0053/04020/0

0065/0/
0062/08053/0

0071/09870/0

    4 3 
.

y = 0.002x + 0.004
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4:    -   
         .

 3:       
   70   -.


(%) 

 
 )nm(

0.9/D 
 

)(

003/069002/070

002/035004/070+  

       3  
        . 
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)b()a(
5:       70  a(X7000 b(X20000.

)b()a(

)d()c(
6:            °C500

a(X7000b(X10000c(X20000d(X20000.

     )Recovery (  
        .  

            
         

 .

3-3-      

5       70
    .     

         
 .   a5 
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     b5  
         

     -    
   .6 SEM  

      °C 500  .
         
        

        
      .  a6

b6        
   c6d6  20000 

        
     .

3-4-    

       
)Zetasizer, Malvern 3000 HAS (    

   7   .

7:     
    .

        °C 500 
       . 

          
      50 

nm 120         
       nm 100  

90 nm 95  .    
       

     .

4-  

        
MASHS   . XRD   

      70 
     701   

500  1   .  
        

          
    . SEM  

        
          

    .     
          

       
     .
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